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The review systematizes the theoretical and experimental data concerning methods of synthesis of condensed 
thiazolopyridines, which at present have been insufficiently studied, the prospects for their application in the di-
rected synthesis of new physiologically active substances. The recent developments in their pharmacology have 
been also analyzed. The available methods for the synthesis of condensed thiazolopyridines can be divided into 
two fundamentally different approaches. The first approach is based on annelation of the thiazolidine or thiazole 
cycle to the pyridine ring, and the second one use pyridine derivatives as starting materials; their functional 
groups make it possible to change the pyridine ring. Methods for obtaining thiazolopyridines using solid media 
carriers, and their synthesis with domino reactions deserve a particular attention. Generalization of the scientific 
data published confirms that the condensed thiazolopyridines exhibit various biological effects. In particular, they 
are characterized by analgesic, anti-inflammatory, antimicrobial, antioxidant and antifungal activities. Due to the 
inhibitory action on integrally linked kinase the specified class of compounds can eliminate the hyperproliferative 
disorders in the living organisms. It has been found that these derivatives exhibit the antidiabetic, antibacterial 
and anti-tuberculosis action. It is known that derivatives of thiazolopyridines have shown a positive effect in the 
treatment of sexual dysfunction. Thiazolopyridine derivatives containing the α-amino phosphonate residue at 2 
position of the basic heterocycle exhibit a significant anticancer effect.
МЕТОДИ СИНТЕЗУ ТА ВЛАСТИВОСТІ ТІАЗОЛОПІРИДИНІВ
Т.І.Чабан
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В огляді систематизовано теоретичний та експериментальний матеріал з методів синтезу маловивче-
них на сьогодні конденсованих тіазолопіридинів, перспективи їх використання при спрямованому синтезі 
нових фізіологічно активних речовин, а також проаналізовані останні досягнення у фармакології зазначеної 
групи гетероциклів. Існуючі методи синтезу конденсованих тіазолопіридинів можна умовно поділити на 
два принципово різних підходи, перший з яких грунтується на анелюванні тіазолідинового або тіазольного 
циклу до піридинового ядра, а за другим способом як вихідні речовини використовують похідні піридину, 
функціональні групи яких дають можливість добудувати ядро піридину. Заслуговують на увагу спосо-
би добування тіазолопіридинів з використанням твердофазних носіїв, а також їх синтез із застосуванням 
методів доміно-реакцій. Узагальнення літературних даних дають підстави стверджувати, що для конден-
сованих тіазолопіридинів властива різнопланова біологічна активність. Зокрема, для них характерними є 
аналгетична, протизапальна, антимікробна, антиоксидантна та протигрибкова активність. За рахунок 
інгібуючої дії на інтегрально зв’язану кіназу, вказаний клас сполук здатен усувати гіперпроліферативні по-
рушення у живих організмах. Встановлено, що зазначені похідні проявляють протидіабетичну, антибакте-
ріальну та протитуберкульозну дію. Відомо, що похідні тіазолопіридинів виявили позитивний ефект для 
усунення статевої дисфункції. Також похідні тіазолопіридину, які вміщують у положенні 2 базового гетеро-
циклу α-амінофосфонатний залишок, виявляють значний протираковий ефект.
МЕТОДЫ СИНТЕЗА И СВОЙСТВА ТИАЗОЛОПИРИДИНОВ
Т.И.Чабан
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В обзоре систематизированы теоретический и экспериментальный материал по методам синтеза 
малоизученных на сегодня конденсированных тиазолопиридинов, перспективы их использования при 
направленном синтезе новых физиологически активных веществ, а также проанализированы послед-
ние достижения в фармакологии указанной группы гетероциклов. Существующие методы синтеза 
конденсированных тиазолопиридинов можно условно разделить на два принципиально разных подхода, 
первый из которых основан на аннелировании тиазолидинового или тиазольного цикла к пиридиново-
му ядру, а по второму способу в качестве исходных веществ используют производные пиридина, функ-
циональные группы которых дают возможность достраивать ядро пиридина. Заслуживают внимания 
способы получения тиазолопиридинов с использованием твердофазных носителей, а также их син-
тез с применением методов домино реакций. Обобщение литературных данных дает основание ут-
верждать, что для конденсированных тиазолопиридинов свойственна разноплановая биологическая 
активность. В частности, для них характерны анальгетическая, противовоспалительная, анти-
микробная, антиоксидантная и противогрибковая активность. За счет ингибирующего действия на 
интегрально связанную киназу указанный класс соединений способен устранять гиперпролифератив-
ные нарушения в живых организмах. Установлено, что указанные производные проявляют противо-
диабетическое, антибактериальное и противотуберкулезное действие. Известно, что производные 
тиазолопиридинов проявили положительный эффект для устранения половой дисфункции. Также про-
изводные тиазолопиридина, содержащие в положении 2 базового гетероцикла α-аминофосфонатный 
остаток, проявляют значительный противораковый эффект. 
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The fundamental aspects of chemistry and phar-macology of 4-thiazolidones were elucidated in a num- ber of review publications [1, 2, 3, 4], while the infor-mation  concerning the chemistry of fused thiazoles with the exception for condensed benzothiazoles pos- sessed a sporadic character. Thiazolopyridines are 
also insufficiently studied, while they are of greater interest from the point of their physiological action if compared with their monocyclic constituents.There are two fundamentally different methods 
of the thiazolopyridine system construction. The first method is based on annelation of the thiazolidine or thiazole cycle to the pyridine ring. As to the second one, the pyridine derivatives are used as precursors for the thiazole ring construction on account of their functional groups (Scheme 1).
Methods for the synthesis of thiazolopyridi- 
nes by modification of thiazolidone-4 and thiazo- 
le derivatives. The convenient method for the syn- 
thesis of 3H-thiazolo[4,5-b]pyridine-2-one derivatives is the use of 4-iminothiazolidin-2-one as a starting 
substance firstly obtained by I.D. Komaritsa by heat-ing iso-rhodanine with 25% NH4OH [6] (Scheme 2).The interaction of the substance mentioned above 
with some β-carbonyl compounds leads to formation of the hard-to-get 3H-thiazolo[4,5-b]pyridines with the yield of 79-100% [7-10] (Scheme 3).One of the methods of the pyridine cycle annela-tion to the thiazole ring is based on the three-com-ponent condensation of 4-aminothiazole derivatives with both aromatic or aliphatic aldehydes and Mel-drum acid. The yield of the target products is equal to 44-65% [11-15] (Scheme 4).The cyclization of 4-formylamino-5-acyl substi-tuted thiazoles either with bases or with acetic acid leads to 7-hydroxy-2-(methylsylfanyl)-thiazolo[4,5-b] pyridines with the yield of 70% [16] (Scheme 5). Under the condensation of 4-amino-5-benzoyl- 
2-phenylthiazoperchlorate with ketones at 130-150°С, thiazolo[4,5-b]pyridines with the yields of 46-64% are formed [17] (Scheme 6).5-Aminothiazoles with the unoccupied C4 posi- tion can interact with diethyletoximethylenemalo- nate forming the intermediate, which when heating 
Scheme 1
Scheme 2
Scheme 3
Scheme 4
Scheme 5
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undergoes cyclization to form thiazolopyridine with the yield of 90%, while in interaction with POCl3, the chlorine derivative of this thiazolopyridine is ob-tained with the yield of 53% [18] (Scheme 7).Isocyanate is commonly prepared by heating 2(E)-3-(2-phenyl-1,3-thiazole-4-yl)acryliozide in bi- phenyl ether, then it is cyclized into phenylthiazo-lopyridine-4-ol with the yield that exceeds the level of 90% [19] (Scheme 8).Due to the interaction of bis(methylthio) methy- lenemalonononitrile with 4-amino-2-phenylthiazole, thiazolopyridine is obtained [20] (Scheme 9).The use of acetoacetic ether in the reaction with 2,4-diamino-thiazoles and acetylacetone, 2-amino- 7-5,7-dimethylthiazolo[4,5-b]pyridine and 2-amino- 7-methyl-4H-thiazolo[4,5-b]pyridine-5-ones were ob- tained [21] (Scheme 10).
The accessible method for obtaining of thiazolo [4,5-b]pyridines is the use of 2-(5-aryliden-4-oxo-2- thioxothiazolidine-3-ilamino)-N-aryl-2-thioxoacetami- des as the starting substances. When boiling the given derivatives with ethyl cyanoacetate in the ammonium acetate solution in acetic acid within 4 hours, the sub- stituted 2-thioxothiazolopyridine-6-carbonitryls are obtained with the yields of 50-55%. The yields of the abovementioned heterocycles may be considerably increased with the use of micro-wave irradiation. While carrying out this particular reaction and due to the micro-wave irradiation the corresponding 5-oxo-2- thioxo-6-cyano-4,5,6,7-tetra-hydrothiazolo[4,5-b]py- ridines are prepared with the yield of 88-92% [22, 23] (Scheme 11).Among the methods of the thiazolo[4,5-b]pyridi- ne system construction, the cyclocondensation based 
Scheme 6
Scheme 7
Scheme 8
Scheme 9
Scheme 10
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on the substituted 4-amino-5cyano-2,3-dihydro-1,3- 1,3-triazoles proceeding with the participation of the enaminonitrile fragment is worth noting [24-25]. The abovementioned reaction is carried out when heating N-(5-amino-4-cyano-3-phenyl-3H-thiazolo-2-ilden)- 4-metoxo-N-N-phenylbezamidine with the aceto-ace- tic ester or cyclohexanone in the presence of tin tetra-chloride in 1,2-dichloroethane within 5-6 hours and results in formation of ethyl ester of 7-amino-2-(4-methoxo-N-phenyl-benzimidoilmino)-5-methyl-3- phenyl-2,3-dihydrothiazole[4,5-b]pyridine-6-carboxy- lic acid with the yields greater than 80% (Scheme 12).Taking into account the interaction of 6-(4-chlo- rophenyl)-3-phenylthiazolo[4,5-e][1,2,4]triazene with 
bicyclo[2,2,1]hepta-2,5-diene, M.M.Krayushkin with co-authors [26, 27] initiated an original method of synthesis of the problematic thiazolopyridines. This reaction is carried out under high pressure in the pre- sense of lithium perchlorate as a catalyst. The yield of 2-(4-chlorophenyl)-5phenylthiazolo[4,5-b]pyridi- ne in this case is equal to 97% (Scheme 13).V.O.Iaroshenko and co-authors [28] in order to ob- tain thiazolopyridines suggested the interaction of 
2-aminothiazole-4(5Н)-imine salts with different 1,3- CCC-dielectrophils; it led to the target compounds with the yields in the range of 14-85% (Scheme 14).A great number of reactions of conjugated thiolato- nitriles with 2-bromide-1-arylethylidenemalononit- riles leads to obtaining 2,5-diamino-7-phenylthiazo- lo[4,5-b]pyridine-6-carbonitrile derivatives with high yields [29, 30] (Scheme 15).
Methods of the thiazolopyridine synthesis by 
transformation of pyridine derivatives. The struc-ture of the thiazolidine ring by means of cyclization of the functional groups of pyridine that results in formation of thiazolopyridines is widely elucidated and represented in a vast majority of publications.The interaction of 2-mercapto-3-aminopyridines obtained from the corresponding chloraminopyri-dines with acids or with their anhydrides results in thiazolopyridines formation with the yields of 60-70% [31, 32] (Scheme 16).While carrying out the reactions of 3-amino-2- chlorpyridines with ortho-alkylthiocarboxylic acids 
esters at first the amino group is activated by N-me- thylation with ethylmagnesiumbromide, butyllithium 
Scheme 11
Scheme 12
Scheme 13
Scheme 14
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or sodium hydride, then it is treated by thioesters. The yields of the target compounds in this case are equal to 70% [33-35] (Scheme 17).Thioureas obtained from aminochlorpyridines and alkyl-, aryl- or ethoxycarbonyl isothiocyanate undergo further cyclization with the chlorine atom replace-
ment. The yields of the final thiazolopyridines are equal to 60-70% [36-38] (Scheme 18).Thiazolopyridines were obtained from thiourea of pyridine series when treating with bromine gene- rated with HBr in DMSO [39] (Scheme 19).5-Amino-2-chlorpyridine is transformed into 2- aminothiazolopyridine with the yield of 91% by means 
of interaction with sodium rhodanide in the presence of bromine in acetic acid [40] (Scheme 20).The interaction of 3-amino-1H-tetrazol-5-ylsulfanil- substituted pyridines with hydrochloric acid in etha- nol results in formation of 2-aminothiazolo[5,4-b]py- ridines with the yield of 40-80% [38] (Scheme 21).In cyclization of pyridyldithiocarbomates with alkalis in ethanol the mixture of thiazolopyridinthiol (86%) and N,N-diisopropylthiazolopyridin-2-amine (14%) [41, 42] is obtained (Scheme 22).As the result of ortho-amino(diisopropyldithio- carbomato)pyridines treatment with carboxylic acid 
in the presence of РОСl3, thiazolo[4,5-b]pyridines or 
Scheme 15
Scheme 16
Scheme 17
Scheme 18
Scheme 19
Scheme 20
Журнал органічної та фармацевтичної хімії. – 2015. – Т. 13, вип. 1 (49)
13
ISSN 2308-8303
thiazolo[5,4-c]pyridines with moderate yields [43] are obtained (Scheme 23).Similarly, 2-substituted thiazolo[4,5-b]pyridines are obtained when treating ortho-amino(diisopro- pyldithiocarbamato)pyridines with acid chlorides in dichlormethane in the presence of triethylamine with subsequent boiling in hydrochloric acid [44].Thiazolo[5,4-c]pyridine was obtained with the help of a multistage reaction with tert-butyloxycarbonyl- aminopyridine. The amide cyclization is performed by heating in formic acid with the yield of 20% [44] (Scheme 24).Starting with ortho-nitrochlorpyridines, 2-methyl- 1,3-thiazolo[4,5-b]- and thiazolo[4,5-c]pyridines [40] were obtained. The aim was to determine the effect 
of their derivatives on the Koch’s bacillus [45, 46]. The reaction occurs via the stage of disulfide forma-tion with its further reduction by zinc. The yields of 2-methyl-1,3-thiazolo[4,5-b]- and thiazolo[4,5-c]pyridines are about 50% (Scheme 25).
One of the promising methods of the thiazolopy- ridine synthesis is the use of 2-chloro-3-nitropyridi- 
ne and 4-chloro-3-nitropyridine. K.Walczyn´ski and co-authors [47] while treating the abovementioned 
compounds by hydrogen sulfide in the aqueous solu-tion of sodium hydroxide in the presence of sodium 
sulfide and carbon bisulfide were successful in ob-taining thiazolopyridine-2-thiones; the methylation of them by methyl iodide in the dimethyl ether ethy- lene glycol medium results in 2-methylsulfanilthi-azolopyridines (Scheme 26).These authors also suggest to use N-(3-and N-(5- diisopropylthiocarbomoyl-pyridine-2-yl)-2,2 dime-thyl-propionamides, which in the result of hydrolysis in 20% ethanol solution of sodium hydroxide form the target thiazolopyridine, while their further methyla-tion leads to the corresponding 2-methylsulfanilthi-azolopyridines (Scheme 27).
In order to find the substances with the antican- cer activity Gu L. and co-authors developed the me- 
Scheme 21
Scheme 22
Scheme 23
Scheme 24
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thod for obtaining thiazolo[5,4-c]pyridine derivati- 
ves that contain the 2 α-aminophosphonate residue. The initial substances used to perform this transfor- mation are 3-nitro-2-brompyridine, 1-aminophospha- nate and CS2. The reaction takes place in the DMFA medium in the presence of solutions of CuCI2•2H2O, SnCI2•2H2O and K2CO3. The yields of the target pro- ducts are equal to 78-82% [48] (Scheme 28).
One of the methods to obtain 2-arylthiazolo[5,4-b] pyridines is based on using N-(2-chloro-pyridine-3- yl)arylamides [49]. These aryl amides are obtained by acylation of 2-chloro-pyridine-3-ylamine with acyl chlorides of aromatic acids according to Shotten-Bau- man reaction. The compounds are subjected to thio- 
nation with phosphorus pentasulfide in the pyridine 
medium or Lawesson’s reagent (LR) in the medium of 
Scheme 25
Scheme 26
Scheme 27
Scheme 28
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hexamethylphosphoramide (HMPA) to form 2-aryl- thiazolo[5,4-b]pyridine (Scheme 29).The authors underline that the yields of the tar-get products are considerably higher when Lawes- 
son’s reagent is applied. Obtaining of the mixture of 2-aryl thiazolo[5,4-b]pyridines and 2-aryl thiazolo [4,5-c]pyridines by means of photolysis of N-pyridi- ne-3-yl-thioarylamides in the hexane medium is also suggested in the same work. It has been found that the target thioarylamides that perform the function of the initial substances in this reaction may be ob-tained both by N-pyridine-3-ylaryl amides thiona-tion with the yield of 9% and by interaction of pyri-dine-3-yl-amine with thiobenzoate acid ortho-ethyl ether in the presence of Grignard reagent with the yield of 68% (Scheme 30).Thiazolopyridines were obtained by thioamide py- ridine oxidation using hexacianoferrate potassium in the alkaline medium [50] (Scheme 31).The new approach to formation of thiazolo[4,5-b]py- ridines or thiazolo[5,4-b]pyridines systems is based on the method of oxidative cyclization of monothioxami- 
des. In this method α-chloracetamides and amino de- rivatives of pyridine (pyridine-2,6-diamine and pyri- dine-3-ylamine) are the initial substances, which 
form monothioxamides at the first stage, and they are oxidized in the NaOH solution under the action 
of K3[Fe(CN)6] at 50°С with cyclization to the target 
5-aminothiazolo[4,5-b]pyridines-2-carboxamides or thiazolo[5,4-b]pyridines-2-carboxamides [51-54] at the next stage (Scheme 32).Proceeding from the derivatives of 2-chloropyri- dine-3-ylamine and (2,4-dihydroxyphenyl)-[(2.4-di- hydroxyphenyl)-thioxo-methano-sulfinyl]methane-thione using one pot synthesis, (1,3-thiazolo[5,4-b]pyridine-2-yl)benzendiols [55] (Scheme 33).
Synthesis of thiazolo[4,5-b]pyridines using so- 
lid-phase carriers. There are also instances of ob- taining 1,3-thiazolo[4,5-b]pyridine derivatives based on using solid-phase carriers [56]. This method is carried out based on Torp Ziegler cyclization at the 
first stage, and at the next stage – on Friedlander’s reaction in the conditions of micro-wave activation with further electrophilic displacement by amines. The given transformations provide obtaining of 2,5, 6,7-tetrasubstituted derivatives of thiazolo[4,5-b]py- ridine (Schemes 34, 35).
Synthesis of thiazolo[4,5-b]pyridines using “do- 
mino” reaction methods. The new combinatorial me- thod of obtaining the substituted thiazolo[4,5-b]pyri- dines has been developed by the Institute of Organic Chemistry named after M.D.Zelinsky. It is based on the use of “domino” reactions of the following type: SN2 → Torp Ziegler reaction → Guareschi-Thorpe re-action [57, 58]. The initial substances in this method are cyanoacetamides heterocumulenes (isothiocyana- 
Scheme 29
Scheme 30
Scheme 31
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Scheme 32
Scheme 33
Scheme 34
Scheme 35
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Scheme 36
Scheme 37tes, sulfur carbonate) and ethyl-4-chloracetylaceta- te, which are able to form the target thiazolo[4,5-b]pyridines due to “domino” reactions (Scheme 36).The products obtained are used with aldehydes and malononitrile in another “domino”reaction of the 
type: Knoevenagel’s reaction → Michael’s reaction 
→ Torp Ziegler reaction for the synthesis of the sub- stituted 4,6-dihydro-5H-pyrano[2,3-d]thiazolo[4,5-b] pyridines (Scheme 37).
Pharmacological effects. The combination of com- binatory chemistry and highly effective pharmacolo- 
gical screening has made possible identification of a large group of cell biotargets. The abovementioned fact promoted to more effective study and understan- ding of the details of the mechanism of action of phar- 
macological agents, as well as the considerable ex-pansion of chemical compounds as potential drugs. The application of the aforementioned strategy has become a key factor in the rapid development of the pharmacological potential of the condensed thiazole and thiazolidone derivatives and allowed to discover new pharmacological effects of the given compounds, as well as further develop the peculiarities of the me- chanisms of action revealed earlier due to the de-
tailed elaboration at the “ligand – receptor” level.Thus, thiazolopyridine derivatives demonstrate 
the analgesic, anti-inflammatory, antimicrobial and antifungal [8, 59-64]) activities. Due to the inhibi-
tory action on integrally linked kinase the specified class of compounds can eliminate the hyperprolifera- 
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sis [70], anti-inflammatory [71, 72] effects were de-termined. It is known that thiazolopyridine deriva-tives show a positive effect in the treatment of the sex dysfunction [73]. Among this type of compounds there are substances that act as agonists of H3-his-tamine receptors [48], antagonists of metabotropic 
glutamate receptors 5 (mGLuR5) [74] with a high inhibitory activity in relation to receptors of the epi-dermal growth factor [75] and a number of other enzymes [76, 77]. Gu L. and co-authors have found that thiazolopyridine derivatives, which contain the 
α-amino phosphonate residue in position 2 of the basic heterocycle, possess a considerable anticancer effect [49]. The antioxidant activity is also typical for the aforementioned class of compounds.
Conclusions The analysis and systematization of the literature references have been performed concerning the me- thods of synthesis and properties of thiazolopyridi- nes. Thus, wide synthetic opportunities and their high pharmacological potential have been proven to be the indisputable reasons for the systematic research of the type of compounds described. 
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